A survey on the occurrence and epidemiology of the encysted progenetic metacercariae of Euclinostomum heterostomum infection in Channa punctata in the Aligarh region of North India revealed a mean prevalence, intensity, and abundance of 18.61, 1.52, and 0.38%, respectively, during the period from April 2011 to March 2012. Liver, kidney, peritoneum, muscle, and ovary were found to be infected with this parasite, and the later three are reported for the first time in this fish species. The histopathology of the infected tissues indicated the following at the host-parasite interface: tissue damage, infiltration of immune cells into the cyst wall, chronic inflammatory responses, and granulomatous lesions. The infected liver showed degeneration of hepatocytes, cytoplasmic vacuolation, nuclear alterations, mallory body formation, fibrosis, and necrosis. The pathology of the infected kidney included distortion and dilation of renal tubules, vacuolar degeneration, hypertrophy and hyperplasia of tubular epithelial cells, occlusion of tubules, fibrosis, hemorrhage, and congestion of glomeruli. The infected muscle demonstrated comparatively fewer pathological changes confined only to the circumference of the cyst wall. The ovary displayed the least changes. The conclusions drawn from the study are that the large metacercarial cysts formed by E. heterostomum in the vital organs of the economically important fish C. punctata could result in the impairment of fish physiology and health, thereby affecting their productivity and quality for human consumption.
Introduction
Aquaculture is a rapidly growing sector worldwide, and India it is the second largest producer of the same with an annual production of 312.8 million tonnes (FAO 2008) . However, health-related problems are an important limiting factor, and parasitic infections are one of the leading constraints of aquaculture production, both qualitatively as well as quantitatively (Scholz 1999) . The snake heads, also known as murrels, belonging to the family channidae, constitute the dominant group of air breathing fresh water fishes in terms of both culture and capture fisheries in south and southeast Asian countries where they are regarded as high demand food fish (Wee and Tacon 1982, Haniffa and Mydeen 2011) . The spotted murrel, Channa punctata (Bloch), is regarded as a delicious food fish in India (Shareef and Abidi 2012) .
Among the parasites, trematodes are the dominant group that causes retarded growth, morbidity, and mortality especially in juvenile fishes. It has been estimated that about 30000 species of helminths are parasites of fishes (Williams and Jones 1994) . In addition to the huge economic loss they cause, at least 50 species of these helminths are potentially zoonotic (Deardorff 1991) . The hemophagic clinostomid trematode Euclinostomum heterostomum (Rudolphi 1809) is a common parasite of piscivorous birds in many regions of Asia, Africa, and Europe (Yamaguti 1971) . In the Indian subcontinent, the larval stage of this parasite usually infects the liver and kidney of the second intermediate host fish C. punctata as encysted progenetic metacercariae (Jhansilakshmibai and Madhavi 1997) . The extent and seasonal variability of their infection have not been reported from North India or elsewhere. Therefore, aim of the present study was to survey the incidence and epidemiology of this parasite in the Aligarh region of North India.
Histological studies of various pathogenic agents in different fish species have been reported and proposed as an efficient method to asses fish health, such as chemicals and pesticides (Altinok and Capkin 2007 , Butchiram et al. 2009 , Camargo and Martinez 2007 , Kelly and Janz 2009 , Troncoso et al. 2011 , bacteria (Gudmundsd\ttir et al. 2006) , and helminth parasites (Sanil et al. 2011, Shareef and Abidi 2012) . Apart from the lifecycle and morphometry elucidated by some researchers, no study has been found that reports on the host-parasite interaction and the pathogenicity and damage exerted on the tissues of C. punctata during infection with E. heterostomum. However, Shareef and Abidi (2012) reported on the histopathological alterations induced by another clinostomid trematode, Clinostomum complanatum, in the same fish. Therefore, the present study attempted to identify the histopathological changes exerted by the parasite on its fish host. We hypothesized that the encystment of such a big parasite in the liver and kidney would result in histopathological lesions as previously reported for pesticides and other chemicals in the same fish (Butchiram et al. 2009 ).
Materials and Methods

Examination of fishes for parasitic infection
Live C. punctata from the size group 7-16 cm were brought from the local fish market of Aligarh (latitude: 27°54' N; longitude: 78°05' E), North India and transported to the lab in water containers monthly for one year between April 2011 to March 2012. They were maintained in aquaria, but dissected within three days, and the body surface, gills, peritoneal cavity, and all internal organs were examined for E. heterostomum infection. The organ/tissue infection was systematically recorded and the prevalence, intensity, and abundance were calculated using standard formula separately for each month throughout the study period. The encysted progenetic metacercariae of E. heterostomum were freed from the host tissue and mechanically excysted in 0.74% NaCl by carefully tearing up the cyst wall using forceps and needle to liberate the worms, which were processed to prepare permanent slides after staining in carmine for microscopic observations.
Histopathology
Liver, kidney, muscle, and ovary from C. punctata infected with the encysted progenetic metacercariae of E. heterostomum and uninfected tissue samples were washed quickly in 0.74% NaCl and immediately fixed in 10% neutral buffered formalin for 48 hours, then dehydrated in ascending grades of ethanol, cleared in xylene, and embedded in paraffin wax to cut 5-7 μm thick sections using a rotatory microtome. The sections were stained with hematoxylin and eosin, and permanently mounted slides were prepared. The gross pathology was studied and photographed under a light microscope (Zeiss Axioscope A1), and photographs of the whole mounts were taken with a zoom stereomicroscope (Nikon SMZ 1500).
Results
Epidemiology
The examination of the infected fish viscera showed white or brown round cysts (2-4 mm) present in liver (Fig. 1A) , kidney (Fig. 1B) , peritoneal membrane, ovary, and muscles. The later three sites are being reported for the first time in this fish species. The microscopic observation of the prepared permanent slides of mechanically excysted whole worms confirmed that the encysted progenetic metacercaria was E. heterostomum. During the present study period, the prevalence of infection varied considerably from month to month, which is summarized in Table 1 . The number of metacercariae per infected fish ranged from 1 to 16. Furthermore, the liver was found to be the most preferred site of infection, followed by the kidney, while the peritoneal membrane, ovary, and muscle appeared to be occasionally infected. The distribution of infection is presented by organ in Figure 2 .
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Histopathology
The histology of the infected organs showed that the parasite was surrounded by a thick fibrous capsule of cyst wall. This resulted in the formation of granulomas and the loss of a large functional part of these vital organs. The presence of extracorporeally digested host blood found inside the cyst and within the caecae of the worms is a clear indication of the hemophagic nature of this parasite regardless of the tissue/organ of infection.
Liver
Infected livers showed high degrees of pathological lesions (Fig. 3) . Considerable degeneration of parenchymal hepatocytes, cytoplasmic vacuolation, nuclear alterations, generation of fatty droplets, mallory body formation, individualization of hepatocytes, fibrosis, and necrosis were found. The presence of intense leucocyte infiltration, particularly of eosinophils and macrophages, throughout the cyst wall and in the surrounding tissue is clear evidence of host immune response to the parasite infection. However, this was restricted to the adjoining areas of the cyst, while the remaining parts appeared normal.
Kidney
The encystment resulted in the loss of a large portions of kidney tissue (Fig. 4) . The pathology consisted of fibrosis, distortion and dilation of renal tubules, hypertrophy and hyperplasia of tubular epithelial cells, vacuolar degeneration, occlusion of tubules, congestion of glomeruli, and hemorrhages of interstitial hematopoietic tissue. The host immune response was similar to that of the liver and was limited to the nearby area.
Muscle
In comparison to the liver and kidney, the infected muscle showed fewer pathological changes. The infiltration of immune cells and the inflammatory response appeared to be somewhat similar to that of other infection sites, but were evident to a lesser extent and confined to the juxtaposing areas of the cysts only (Fig. 5A ).
Ovary
Unlike other tissues, the infected ovary showed the least visible pathological alterations and no leucocyte infiltration, even in the cyst wall, was observed; however, the eggs lying around the cyst were found to be slightly damaged (Fig. 5B) .
Discussion
Fish health assessment is a tedious, challenging task, and the results obtained are generally not very reliable for many reasons (Kori-Siakpere et al. 2005 ); therefore, a multidimensional approach is always advisable for a true analysis to establish health and disease condition, rather than any single approach. Histopathology together with the epidemiology can provide more accurate, reliable, meaningful conclusions regarding fish health status along with the ecological factors of a particular aquatic ecosystem in a region. The present study attempted to perform such an integrated, comprehensive assessment of the Studies on the epidemiology and histopathology of Euclinostomum heterostomum (Trematoda; Digenea)... 137 health of C. punctata during infection with the digenean E. heterostomum.
Digenetic trematodes exhibit a complex life cycle. In India, the freshwater snail Indoplanorbis exustus and the fish Channa spp. serve as first and second intermediate hosts respectively, and ardeid birds are the definitive hosts for E. heterostomum. According to Jhansilakshmibai and Madhavi (1997) , E. heterostomum infect the liver and kidney of C. punctata and the muscle of Channa orientalis Bloch&Schneider. However, it was observed during the present study that this parasite encysts the liver, kidney, peritoneal membrane, ovary, and muscle of C. punctata. Nevertheless, in comparison to other tissues, the liver was found to be the most preferred organ for encystment, possibly because of its large size, particular position, and extensive vascular supply (Van der Oost et al. 2003 ) that maintains a surplus of nutrients and continuously removes and detoxifies the parasite excretory and/or secretory products.
Studies on the incidence and seasonal variability of parasitic infections would enable farmers and culturists to identify how frequent and to what extent infection is prevailing in a region, so that local management strategies and control measures can be formulated. The epidemiological study of E. heterostomum revealed a prevalence rate of 18.61% and an average of 1.96 cysts per infected fish. Jhansilakshmibai and Madhavi (1997) reported an infection rate of up to 32.7%, harboring up to 66 metacercariae in natural infections and 72 in experimental infections. Whereas, during the present study period, a maximum of 16 cysts per infected fish was recorded. The maximum number of cysts observed in the liver, kidney, peritoneum, and muscle was 13, 2, 2, and 3, respectively. It has been elucidated that the parasite takes two months or more to release the infective cercariae from the snails and at least another two months to become encysted metacercaria in this fish (Jhansilakshmibai and Madhavi 1997) . The highest prevalence (40.74%), intensity (3.63), and abundance (1.48) were observed during June, which could stem from higher virulence and favorable weather conditions during the post-winter months when the environmental temperature ranges between 20 to 30°C. The low incidence during the months following the extreme summer, when the temperature rises to 48°C, could be from the reduced infectivity of larvae. Furthermore, the monsoon rain and snail availability might also play an important role in varied incidence during different months or seasons. The 0% prevalence during December could have been from the unavailability of larval stages in the aquatic ecosystem as a consequence of prior heavy rain in North India during July-August 2011 when they might have been carried away with flood waters. This suggests that ecological and climatological factors could also play an important role in the occurrence and distribution of natural infections of this parasite.
Histopathological analysis is a powerful tool to corroborate the histoarchitecture of various tissues during parasitic infections (Eiras et al. 1999 , Ferguson 2006 , Shareef and Abidi 2012 . The results of the present study manifest the pathological alterations induced by the digenean parasite E. heterostomum on the infected tissue of C. punctata. The liver is a biochemical, metabolic center where detoxification, biosynthesis, and biotransformation processes are continuous. Hence, any factor that affects normal functioning would ultimately result in altered physiology causing stress to the fish. The histopathological evidence of this assumption is well established in a number of fish species (Poole and Dick 1984 , Camargo and Martinez 2007 , Mohamed et al. 2009 , Troncoso et al. 2011 , Velisek et al. 2009 ). Butchiram et al. (2009) reported that the liver of C. punctata exposed to alachlor showed cytoplasmic degeneration of hepatocytes, atrophy, formation of vacuoles, rupture of blood vessels, and necrosis. Similar pathology appeared to have occurred in C. punctata as a result of the parasite infection. The prolonged feeding of these flukes might deplete host nutrients and alter normal physiology, as is evident in the results of the hematological study, which can be attributed to retarded growth and reproduction. Additionally, this infection can be fatal in juvenile fishes, which in turn may result in huge economic loss to farmers (Jhansilakshmibai and Madhavi 1997) .
The teleostean kidney takes part in excretion, osmoregulation, and hemopoiesis (Butchiram et al. 2009 ); therefore, its parasitic infection affects normal functions. Butchiram et al. (2009) report similar pathological changes in the kidney of C. punctata when exposed to alachlor. Many researchers have reported histopathological studies on many other fish species (Altinok and Capkin 2007 , Kelly and Janz 2009 , Mohamed 2009 ). The presence of dilated tubules appears to be a consequence of dead and dying epithelial cells that might affect the reabsorption of ions and nutrients, and the thickening of bowman's capsule can arise as a result of fibrosis, which can interfere with excretion processes (Weber et al. 2003, Kelly and Janz 2009) . Furthermore, renal tubule necrosis affects normal functioning and promotes metabolic abnormalities (Yokote 1982 , Mohamed 2009 ). The fibrotic layer of cyst wall was found to be comparatively thicker than those in liver, probably resulting from a strong host immune response.
Muscle is the consumable part of fish, and the presence of parasitic cysts certainly degrades its quality and reduces the price and consumer demand for fish (Silva-Souza and Ludwig 2005) . Although the muscles were not severely affected by E. heterostomum infection, the consumption of raw or pickled fish could be a potential hazard for the consumer because of the fact that another closely related species, C. complanatum, displays high levels of zoonotic potential. Nevertheless, leucocyte infiltration all around and in the cyst wall was observed in the infected muscle. Eiras et al. (1999) described the histopathology of Loricariichthys platymetopon infected with another clinostomid trematode, Clinostomum marginatum, where the cyst wall was relatively thin and some isolated destruction of surrounding muscle and fat tissue were noted.
Helminth parasite infection can cause reduced energy investment and reproductive potential, decreased number and size of eggs, and lowered fecundity Baker 2003, Schults et al. 2006) . In the present study, diminished fecundity was evident since the infection caused loss of considerable portions of the ovary. However, the viability of eggs in the infected ovary is not known, and further studies have to be conducted. It was concluded that E. heterostomum infection in C. punctata displays considerable seasonal variations as evident from the survey of natural infections. Metacercarial encystation caused substantial tissue damage in most of the vital organs, with liver as the preferred site of infection. It is a paradox that a country positioned at number two in aquaculture production, has performed comparatively fewer, isolated studies on a limited number of fish species infected with parasitic helminths, which necessitates intensifying health and disease studies and documenting them properly.
